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INTRODUCTION 
The ability of bacteria to agglutinate red blood cells was recognized 
by Kraus and Ludwig (1902) following the observation that rabbit erythrocytes 
clumped in the presence of certain strains of Staphylococcus and Vibrio. 
Pearce and Winne (1904), Guyot (1908) and Fukuhara (1909) indicated that 
other bacteria possess this property as well, while later investigators 
showed that the reaction is not limited to erythrocytes• nor to the presence 
of the intact bacterial cell. Thus far, this basic reaction has been found 
to be of little significance in itself, but when viewed together with its 
inhibition by sera containing the specific bacterial antibody it assumes 
importance as a very useful immuno l ogical technique. In only slightly modi-
fied form these two reactions have been used to great advantage in the 
study of many biological systems, one of which is considered here. 
Investigation .of the hemagglutinin of Hemophilus pertussis wae ini-
tiated with the discovery of Keogh, North and Warburton (1947) that saline 
suspensions of !i• pertussis, !:!• parapertussis and .!:!.• bronchieepticus would 
agglutinate erythrocytes of man, mouse and fowl • . Similar results were 
obtained with cell free supernatant fluids from broth cultures, a fact 
which is of some importance in establishing the soluble nature of the 
agglutinin. involved. Extensiv.e studies were carried out with !!• pert,uesia,. 
clinically the most important member of the group, and several finding• 
of greatest interest are summarized here. 
• Rosenthal (;7) hee described the agglutination of a variety of substances 
by Eecherichia ££!!• In addition to erythrocytes and leucocytee, thrombo-
cytes, spermatozoa, spores of molds and pollen were agglutinable. This 
activity, however, was extremely variable and of 70 strains atudied only 
two agglutinated all the substances noted. Moreover, of the 24 active 
strains only 12 showed any activity against erythrocytes. Although no 
explanation could be found for this variable behavior or for the agglu-
tinating activity of the culture itself, it was nonetheless possible to 
note a similarity in the actions of this agglutinating agent and the 
phyto-agglutinins. 
Freshly isolated .!!,. pertussis strains exhibited a high hemagglutinin 
content, but showed relative differences in yield that could best be detected 
after subculture. Thus, __ repeated transfer on Bordet-Gengou medium over a 
period of years had no effect on the hemagglutinin content of some strains, 
whereas others that had been newly isolated lost theirs rapidly. The 
hemagglutinin content of a given culture. was found to be dependent on the 
natural phase variation of the organism, since only those cultures in 
Phase I of Leslie and Gardner (26) showed active hemagglutinin production. 
A final observation, which has since proved to be somewhat controversial, 
was the direct correlation between the antigenicity or protective value 
of a vaccine (in mice) with virulence of the culture and with its hemagglu-
tinin p~oducing powers. 
Keogh and North (22) have concluded from this information that th~ 
hemagglutinin antibody (antihemagglutinin) is responsible for protection 
against !!.• pertussis in mice, and they have suggested the possibility that 
hemagglutinin is actively associated with the imm.unizing substance. Fisher 
(12) has gone one step further in stating that the hemagglutinin is actually 
the essential protective antigen against intranasally-introduced murine 
pertussis. Some credence is given the first of these hypotheses by the 
observation that immunization is as good with bacterial filtrates as with 
washed resuspended organisms (21)~ and to support the latter view, 
Warburton and Fisher (48) have performed passive and active immunization 
teste in mice- using high titer hemagglutinin~ antisera and a semi-purified 
hemagglutinin. It is important to note that the challenge doee in all these 
trials was administered by the intranasal route. 
Despite the claims made by these investigator•, there is considerable 
evidence that the hemagglutinin is not actively involved in the production 
of immunity • . Although the statement of Keogh and North on the immunizing 
potency of cell free broth ie not disputed, no really satisfactory evidence 
has been offered to show ~hat any particular component 1 or components~ of 
~· pertussis can be antigenically as effective as the whole organism (15). 
The evidence presented by Warburton as Fisher is not entirely convineing 
in this respect 1 and moreover, conflicts sharply with the results reported 
independently by Thiele (4~) and Pillemer (~5). Thiele has indicated that 
a relationship between hemagglutinin and protective antigenicity fails to 
exist, and Pillemer has confirmed this with both fluid cultures and 
culture extracts as ~unizing agents • . Pillemer has made clear, further-
more, that by selective adsorption of the hemagglutinin, in one experiment 
from the immunizing agent and in another . experiment to an . immunizing base,. 
the hemagglutinin plays no part in the ultimate ~une state of the 
animal. To help explain these conflicting reports, it shoul d be noted that 
the challenge route employed by Thiele and Pillemer was intracerebral. , and 
therefore different from that used by the other workers. 
In a confirmation of the work of Thiele and Pillemer, and in a concise 
summary of the present statu~ of the hemagglutinin, Standfast (4o, 41) has 
questioned the fUndamental thinking related to the organism; he etatees 
"An examination of freshly isolated Haemophilus pertussis strains 
.fo r •••• haemagglutination, virulence for mice •••• and protective prop~ 
erties shows that each of these . characters varies quantitatively, and 
furthermore that they vary independently. The presence of one strongly 
marked character is no indication that another charactar will be 
strongly marked or even present" (41). 
and in a second paper; 
"There,·wae no correlation between virulence and haemagglutinin (intra.a 
.nasally in mice). Keogh and North have unfortunately given details in 
their protocols of only seven strains. When, however, a number of Phase 
Ii:organisms are examined it will be seen that virulence and haemagglU* 
tinin do not necessarily -go hand in hand •••• it would be more correct 
to s~ that while the presence of haemagglutinin ie a character of 
Phase I organisms 1 within thie phase it m~ or m~ not be present and 
it varies independently of virulence" (40) • . 
Much of the conflicting data on the immunological position of the 
hemagglutinin, appeara to have been satisfactorily ·reeolved by the work of 
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Standfast. However, the hemagglutinin, which has thus far appeared to be 
a non-essential component of the immunizing substance, does serve an 
important function, and one which may prove to be of profound significance 
in the determination of the _pertussis immune state. Presumably there is 
a direct relation·between the ability of a aert.m~.to block hemagglutination 
and the degree to which that. serum serves as a protective agent, although 
this finding is no better established than was the supposed relationship 
between virulence and hemagglutination; prior to the work of Thiele, 
Pillemer and Standfast • . Nevertheless, there is a "characteristic curve" 
in the sera of children during an attack of whooping cough • . These obser-
vations by Keogh et al ( 22) are fundamental for the hemagglutination. 
inhibition test when applied as an index of pertussis susceptibility • . 
Although the hemagglutination inhibition test analyzes directly for 
what is apparently antibody (antihemagglutinin)., .it is complicated b¥" the 
fact that sera contain a varying amount of nonspecific neutralizing 
vii 
substance (1~). This complication ia presumably avoided by assaying 
neutralizing antibody in terms of its ability to sensitize and lyse, in the 
presence of complement, red cells which have first been coated with hemagglu-
tinin (1~~. This me.thod appears to have been successfully employed by 
Warburton and Fiaher · (48). 
Many of the detailB concerning the manifest activity of the pertussis 
hemagglutinin are known, yet the nature of the hemagglutinin .itself is 
relatively, obscure. Fisher· (9), Gray (15), Thiele (4~), and more recently 
Ungar and his colleagues (46) have carefully recorded the behavior of the 
pertussis organism in a casein hydrolysate medium employed by the majority 
of investig!:'ltors. The interrelation of hemagglutinin, time, pH and cell 
numbers is adequately described by Fisher• Ungar (44) and Ungar and Jame• 
(45) have briefly characterized the activity of the hemagglut inin in 
combination with the bacterial cell, as well aa its stability in the 
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pr.eeence of various chemical agents. 'rheir findings are in general agree~ 
ment with those of Keogh and North (~), but differ significantly in one 
major aspect .• They report that exposure of erythrocytes to saline su.spensioas 
of 2~~8 hour old li~ pertussis organisms resulted in agglutination: only 
between .42 and 50 O, and not at )7 0. The latter workers, on the other 
he.nd, have consistently and successfully employed temperatures of )7 0 
and lower. It is possible that these d'screpanciea may be explained on 
the basis of obvious differences in experimental procedure. 
Warburton and Fisher (48} have extended these observations by a study 
of the hemagglutinin in a relatively pure form . following adsorption on 
aluminum: phosphate and subsequent elution with 1 M. alkaline sodium chloride •. 
The hemagglutinin in the adsorbed form was more resistant to the effects . 
of heat and agitation than that in solution, a fact which is consistent 
with the observed stabili~ of the hemagglutinin in combination with the 
intact bacterial cell (44). 
The suggestion has been offered that the hamagglutinin .represente. a 
metabolic by-product during the growth of the organism, .. and that thie 
substance is remetabolized during further growth changes (4)). Such a 
condition .well explains the persistence of hemagglutinin in cultures and 
under conditions which favor the development of a maximal density in a · 
minimum time (4)). It is conceivable too, that on the .. basis of metabolic 
by-products, two hemagglutinins may actually exist, as suggested by the 
selective adsorption experiments of Thiele (4)). 
A direct approach to an understanding of the hemagglutinating substance, 
particularly· its antigenic structure, has been taken by Fisher ( 12) in. 
some recent work. He has ehownthat heating of supernatant fluids contain-
ing hemagglutinin results in the lose of 97% of red cell agg~utinating 
power; while at the same time only about half the "antibody fixing -capacity" 
i.x 
and a small proportion of the antigenicity of the hemagglutinin are lost. 
Fisher has concluded thereby that partial thermal inactivation reveals a 
second component in the hemagglutinating particle, as well as a serum antibody 
distinct from both~tihemagglutinin and bacterial agglutinin. It is perhaps 
significant that this new antibody was found to be present in the sera of 
29 out of 52 children suffering from pertussis, appearing late in the disease. 
The chemical nature of the pertussis hemagglutinin. receptor substance 
has been investigated in detail by Fisher (10, 11), and his studies represent 
a phase of the topic which has yielded limited yet fairly significant inform. 
ation. B,y substituting red cell extracts in the hemagglutination inhibition 
test described by Keogh and North (22), he was able to show that there was 
a substance capable of blocking hemagglutination in high titer. Such a 
substance exhibited the properties of a lipid, was :tUlly active only when 
esterified with such compoUIIds as lecithin and oleic acid, and inhibited 
hemagglutination in amoimts which corresponded roughly to its known content 
in erythrocytes. Ey inference, the inhibitor.v substance waa identified as 
cholesterol, and by analogv was assumed to be the erythrocyte receptor for 
the pertussis hemagglutinin. It was shown at the same time that other sterols 
with configurations similar to that of cholesterol or its esters possessed 
considerable hemagglutinin combining activity, but none to the extent of the parent 
substances. Fisher has noted several anomalies of behavior during the course 
of these trialsl 
"It is of interest that the yield of hemagglutinin inhibitor exceeds 
what might be expected from the hemagglutinin adsorbing capacity of 
the red blood cells; the increases in activity over the theoretical was 
15·20 fold in a sample of frozen stroma and 10 fold in the other extract 
of heated stroma. This ~ be explained by aey- or all of the following 
considerations: first, that there ~ not be room for the presumably 
large hemagglutinin molecule to occupy all the available sites on the 
intact red blood cell (stearic hinderance); sec om, that some of the 
inhibitor is loosely bound to other substances in the intact cell and 
unavailable for combination with hemagglutinin; and third, that some of 
the inhibitor is inside the cell and unavailable" (11). 
Fisher and Keogh (1') have stated their belief. in a brief note that 
the nonspecific neutralizing substance in serum is identical with the 
lipid erythrocyte receptor for the hemagglutinin. 
An analysis of several observations reported by Ungar (44) suggests 
that the red cell may· possess. an additional binding substance for the 
hemagglutinin. Ungar has noted that red cells lose their agglutinability 
by li• pertussis when washed several times in saline, , but regain it 
promptly when the supernatant fluid from the first washing is restored 
to the cell suspension • . This water soluble fraction o~ red cells is~ he~ 
labile and heating of the washings at 60 Q,, for one hour is sufficient to 
dee·troy it. Unfortunately, more detailed information concerning these 
findings is not available. 
Mattman and Edsall . (29), working with culture supernatants, have 
shown that the erythrocyte can be freed of bound hemagglutinin if exposed 
X . 
to highly concentrated extracts of frozen and thawed red blood cells. The 
reaction is presumably one of competitive elution• It is highly significant~ 
that the red cell is not altered in this process and is reagglutinable in·. 
the presence of fresh material • . This is a major feature: which distinguishes 
li• pertussi~hemagglutination from that normally induced by the influenza-
mumps•Newcastle disease group of viruses. Obviously, pertussis hemagglutini~ 
red cell interaction does not involve receptor destruction such as may 
be expected in the case of virus activity, , nor does. it possess any of the 
es sentie.l characteristics of an enzymatic ac.tion., Fisher;· ( 11) has provided 
strong evidence in support of these fUndamental differences by showi~ 
that erythrocytes, rendered none.gglutine.ble for influenza A'virus . (Melbourne 
strain) by- appropriate treatment, are still agglutinable by H. pertussis. 
Similar tzmt.ment . with v. choLeras receptor destroying enzyme (RDE) or -with 
weak potassium 'periodate produced the same results. In addition, hemagglu• 
tination inhibitors of the respective syste~s were shown to be epecifia 
within•the limits of their own systems and did not cross inhibit. 
In the present study; the purpose was to elucidate several of the 
physical and. chemical properties of the !!• pertussis: hemagglutinin • . 
Through these, it was later possible to show that the hemagglutinin is 
specifically inhibited by the sera of numerous mammalian: types •. The 
evidence has pointed to the existence of at least two distinct inhibiting 
agents which are chemically and serologically related, but which show 
certain major: differences in activity • . 
For convenience, future reference to the !!• pertussis hemagglutinin 
will be noted simply as HGL. 
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MATERIALS AND METIDJ:Xa -
Hemagglutinin preparations 
!!.• pertussis strains ·# 18560 and 185;o* were used exclusively through-
out these studies. After. preliminary trials of the Cohen and Wheeler (5) 
and Verwey media (47), the latter was found to support more rapid growth 
and was therefore used • . Organisms were reconstituted from the lyophilized. 
state for the preparation·_ of each new HGL stock and plated on Bor:det ... 
Gengou· medium (Difco) containing 15% human type 0 blood. This procedure 
wae followed to ensure the smooth characteristics and undiminished hemagglu• 
tinin· production of the organism. After · ;'> days at ;57 C1 . the growth was 
removed to culture tubes . containing · l5 mLof Verwey medium. The tubes were, 
slanted at approximately a 70 degree angle and incubated for ;.-4 days after 
which the entire contents were transferred to 200 ml of the medium 
dispensed in Rowe bottles. In general, 7-...8 days incubation with daily 
agitation could be relied upon to yield maximum HGL titers. Following this 
period, the contents were removed and immediately centrifuged in the cold 
for 30 minutes at 4500 r.p.m •. The supernatants, which contained HGL in 
high titer, were carefully decanted and allowed to come to room temperature:, 
whereupon merthiolate in a concentrationj of lslO,OOO was added as a preserv• 
ative. The stock was then adjusted to pH 7.2 and stored at 4 o. It was, 
found that HGL stored in this manner -showed a gradual decline in titer 
over a period of several weeks, ,after which the titer was such that the 
material could no longer be used. 
The PR8 strain of influenza A virus was used as a sensitive indicator 
of virus inhibitory activity since it is markedly inhibited by substances 
present in biological fluids (4). The material consisted of pooled infected 
allantoic fluid of 12 dar old hens eggs which had been stored without 
preservative at 4 c. The ability of this material to elute from red cella 
*Obtained from the Massachusetts Department of Public Health, Division 
of Biologic Laboratories • . 
l 
was unaltered over a period of several months. When fresher material was 
desired, 0.05 ml of the original stock was inoculated into the allantoic 
I 
sao. of 10 day old fertile eggs and harvested ~fter ; days at 56 c •. 
Erythrocytes 
Human type 0 (Rh or rh) cells* were used routinely in the hemagglu• 
tinin and hemagglutinin inhibition titrations • . Blood, either fresh or 
preaerved up to four weeks in . A.O.D. solution••, was washed; times in 
o.85% NaOl buffered at _ pH 7•2 and resuspended in the same diluent to a 
final volume of 0.5%. Suspensions prepared in this manner were used within 
several hours to minimize an:_ observed decrease in agglutinability- with 
time of storage, possibly due to the lose of' the heat labile,water soluble 
fraction of red cella describe d by Ungar (44). _ 
Hemagglutinin titrationa 
Serial twofold diluti~ns' of the pertussis hemagglutinin stock were 
prepared in 0.85% NaOl buffered at pH 7.2 with 0.01 M phosphate containing 
0.1% human plasma fraction V (95% albumin) as a stabilizing agent. To 
0.5 ml of the diluted material in standard Wassermann tubes (9•10 ml 
:iinaide diameter), an equal volume of the freshly prepared red cell suepen-
aion was added. The tubes were shaken and the cells allowed to settle 
undisturbed at room temperature for 2 hours. Agglutination was determined 
by observing the pattern of sedimented cells (Plate I) according to the 
method described by Salk (~9). The tube containing the least amount of 
material showing campjete agglutination-was chosen as the , endpoint and 
' 
the reciprocal of the final dilution taken as one hemagglutin~ting unite 
Influenza titrations were carried out in the same manner with the 
exception that all dilutions were prepared in plain buffered saline. 
2 
* Supplied through the generosity of the Maeaachuaetta Memorial Hospitals. 
** Acid citrate dextrose solutionl 1.52 g dextrose 
1.;,7 Na~p(}l5o7 .2HiJ 0.50 H;06H5o7.H20 For use add 120 ml of solution to one pint of freshly drawn blood. 
Preparation of inhibitors 
The HGL inhibitors used in this study were human serum, animal serum• 
fowl serum and plasma protein fractions of human, animal and fowl origin. 
Serum was obtained from normal guinea pigs and rabbits by cardiae 
puncture and if not used immediately was stored aseptically at -20 C for 
periods not exceeding two month•• Fowl serum was obtained by bleeding. 
adult roosters from the wing veins and then used within one or two days • . 
Pertussie hyp•rimmune rabbit and human sera* and normal horse sera were 
maintained at 4 c. 
Plasma fractions**~ . prepared by the cold ethanol fractionation method 
of Cohn et al (6' )2), were dissolved in 0.85% NaCl at a concentration of 
1% and used in inhibition titrations at the pH of solution as well as at 
pH 7.1. Insoluble material wae, removed by centrifugation at )200 r.p.m •. for 
20 minutes or, if the solutionse: did not clear at thie speed, 12~000 r.p.m. 
for 10 minutes (Sorval . angle head centrifuge model SSIA). Fractions were 
boiled at 100 C for )0 minutes, the precipitated proteins removed as before 
and the supernatants titrated without readjusting pH. The inhibitory 
activity wae not affected by changes in the pH of boiling within the range 
Titration of hemagglutinin inhibitors 
The number of HGL unite used in these teste varied according to the 
type of procedure and the degree of sensitivity desired. Generally either 
one or two final unite were chosen; with the range extending up to eight • . 
One unit of HGL was employed in all of the recorded trials-. 
* Courtesy of Dr. A~e c. MoGuinnees, Childrene Hospital,, Philadelphia. 
** The human fractions used in these investi!aticns were supplied jointly 
through the kind oooperation. of the Massachusetts Department of Public 
health and the Department of Physical Chemistry, Harvard Medical 
School. Animal fractions were fUrnished by the Chemical Research. and 
Development Department, Armour and Company. 
4 
Serial twofold dilutions of inhibitor (0.25 ml volume) were prepared 
in buffered saline or saline containing 0.1 per cent human plasma fraction v._ 
Stock HGL, d-iluted in the latter diluent to contain four or more minimal 
hemagglutinating unite, was then added to each tube in equal volume and the 
series allowed to incubate at room temperature for varying times. For maximum 
combination of HGL and inhibitor, 50 minutes were allowed, there being as a 
rule no further increases in inhibitor titer· after this time. One half 
milliliter of 0.5 per cent red cells was then added to each tube and after 
two hours the degree of agglutination determined by the pattern of sed~nented 
cells. The highest dilution showing complete inhibition of hemagglutination 
was chosen as the endpoint and the reciprocal of the final inhibitor dilution 
recorded as the inhibition titer • . 
In tests requiring different incubation . p~ri6ds where two or more 
titfations of the same material were to be compared, the series requiring 
the longest incubation time was set up first, followed by the next longest 
and eo on. The diluted HGL preparation, meanwhile, , was allowed to remain 
at room temperature before use in the shorter incubation series. The times 
were so arranged that red cells would be added at approximately the same 
moment, thereby permitting equal exposure of the HGL in all series to roo~ 
temperature. This procedure was designed to alow for the occasional 
. ' 
deterioration of HGL upon prolonged incubation and so preclude the possibility 
of differences in unitage among the various series. 
Inhibition tests with influenza virus hemagglutinin were carried out 
in the same manner using buffered saline as a diluent. 
Trypsin preJ2arations 
Purified crystalline trypsin (50 per cent Mg504) was - obtained from the 
Armour Laboratories. Equal volumes of 0.025 per cent trypsin in buffered saline,, 
pH 7•4, and teet sera were incubated for 'hours at ;7 o. A quantity of 
crystalline soybean inhibitor (Armour) in excess of the pure trypsin 
concentr~~ion was then added and the mixture placed at 4 0 for ;o minute~ 
to permit complete inactivation of the enzyme (;1). The treated serum 
was titrated as described previously • . 
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FACTORS AFFECTING THE STABILITY OF THE HEMAGGLUTININ : 
Before preceding with any actual investigations, it was desirable · 
t o establish the conditione under which HGL would show maximum stability .. 
Initial trb.la therefore were directed tow.ard defining the optimal pH 
for the HGL, and finding means for insuring ita stability in solutione 
The determination · of optimal .EH · 
Early t rials indicated that HGL activity fell off rap i dly out side t he 
pH range of 7~0- 7.5. In order to determine the intermediate point of 
maximum stability, the following procedures were followed. 
Serial twofold dilutions: of HGL were prepared in buffered saline at 
intermediate pH 1a (; ml volume) • .A.t increasing.:; intervale, 0.5 r:tl of each. 
dilution was removed and t r eated with an equal volume of the r ed cell 
suspension • . The HGL titers were then recorded in the usual manner. The 
re sults showed (Fig•. 1) that the highest titers were maintained within 
a r e l atively narrow pH range with a midpoint of greatest stability at 7.2. 
It . was obvious, however, . that even at this optimum value eome_ HGL was being, 
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lost•~ The desirabilit y of saline alone as a diluent was therefore questioned• 
The stabilizing effect of various agent s on HGL activity 
A:.large number of stabilizing agents were subsequently tested for. 
their ability to prevent this spont~~eous l oss of HGL activity. These were 
incorporated in 0.85% NaCl at pH 7.2 and employed as diluents in the same. 
manner as described above. It was found (Fig. 2a, . lb) that of all the agents 
tested, only albumin (human plasma fraction V, 95% albumin), ~ glucos~ 
and Verwey medium were able to prevent or partially inhibit the gradual 
decline in titer. It is noteworthy that gelatin and peptone were totally 
• This inetabili ty of the preparation· had been noticed on previous 
occasions when extracting HGL from whole organisms by tqe method of 
Fieher · (ll), or by modificationa of this method devised during the 
course of these studies. In both instances, although potent material 
could be obtained, a rapid decline in titer followed over a period of 
several hours • . 
ineffective in concentrations that normally stabilize other bacterial and. 
viral preparations (l). ,Moreover, gelatin. showed a marked inhibitory action 
in concentrations- as low as 1 gamma per ml (Figure ~). 
INHIBITION OF HEMAGGLUTllilATION BY MAMMALIA!.~ SF.RA 
During a preliminary-series of experiments in which normal and immune 
serums .were examined for their effect on the ery~hrocyte-HGL complex~ - it 
was observed that normal rabbit se~_ was able to suppress hemagglutination 
when added to suspensions of HGL sensitized red cells. This suggested the 
p9esibility of there being a nonspecific neutralizing substance in rabbit_ 
serum. and poesibily, in other · serums as well. Fisher . and Keogh (1~) and 
Ungar and James (45) have reported somewhat related phenomena • . lt was of 
some interest~ therefore, _ to teet the sera of other animals and birda fo~ 
their -ability to inhibit hemagglutination, and to determine the identity 
of the responsible substance• 
Inhibition of hanagglutination by sera presumed to be normal. 
7i 
Serum was obtained from nonnal. rabbi t.e., ,, dogs, horses, sheep,_. guinea pigs:,) 
fowl and adult hum~ns and allmvad to interact for 4o minutes with HGL before 
the addition of red cells • . The inhibition titers . for the various sera are 
recorded in Table I. The high degree of inhibition shown in all cases 
indicates that the serum from presumably.· normal mammals and birds posses see 
a very potent· neutralizing substance 'far the pertussis hemagglutinin • . This 
activity, as given by the mean titer in Table I, also shows a striking 
degree of correlation with the respective mean values: for total cholesterol 
content • . 
Within the range of 1 to 8 unite of HGL used in these tests(l unit 
was employed in all the recorded trials), a crude but definite relationship 
was seen to exist between HGL .units and serum. inhibitor titer; ' a twofold 
increase in HGL resulting in an approximate fourfold decrease in inhibition. 
This was generally true for all of the sera tested. 
The demonstration of the zone phenomenon_of serum inhibition •. 
In the preceding teste, . frequent variations in behavior were noticed 
among the animal sera which appeared to be related to their age or to heat 
inactivation • . For example, . in Figure . 4a at certain concentrations of fresh 
unheated guinea pig serum, inhibition is lower than when greater or lesser 
concentrations of serum are used •. This apparent 11 dip 11 in the otherwise 
smooth curve of inhibition can be seen when small quantitiea of HGL . are 
used, i.e., 1,2 or 4 unite, but tends to disappear in the presence of larger 
amounts. In referring to this rather unusual type of serum inhibition, the 
term 11 zone phenomenon" may be applied; 11 outer zone 11 and 11 inner zone 11 defining 
those concentrations of serum that inhibit in dilutions above and. below the 
dip. 'rhua, in. Figure 4a the outer zone for 1 unit of HGL extends roughly 
from 128 to 4o96; for 2 units 128 to 512; and so on. In a similar mmL~er1 
the inner. zones for 1 and 2 units extend from 4 to ;2 and 4 to 64 respective• 
ly• A diagrammatic representation is given in Figure 5a, showing essentially 
the two zones· of inhibition for unheated guinea pig serum. when titrated with 
1 unit of HGL • . 
It is obvious from Figure 4a that as the units of HGL are increased, 
the extent of the outer zone is decreased such that it completely disappears 
in the presence of 8 units • . The inner zone, on the other hand,. remains 
fairly constant, suffering a decrease in siee only after the outer zone 
disappears •. Thie is what might be expected if we assume that serum inhibition 
in both zones is due to specific inactivation of HGL • . Interestingly enough, 
once the outer zone is reduced by this treatment, any further increases in 
HGL (by twofold steps) no longer produce the fourfold decreases in inhibition 
seen previously with the outer zone intact • . Rather, , the inhibition titer now 
diminishes in an equal ratio:., This is strong evidence for believing that. 
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there is some inhibitory substance present in the inner zone of this aerllDl 
which is not seen in: the outer zone •. 
Although most fresh unheated guinea pig sera revealed the zonal type 
of inhibition just described, some failed to show the presence of an_ inner 
zone. One such serum·. is illustrated in Figure 4b • . 
Figure 4b: also serves to call attention- to a point which is evident in 
the preceding figure as well; there is no inhibition in the highest conce~ 
trations of serum, although one would expect, of courae, that inhibition 
would be maximum here • . The eame phenomenon; is also· seen with the majority 
of fresh unheated rabbit sera, as indicated in Figure·; 4c:e. That the failure 
of inhibition· t ·o be complete in the high serum concentrations: is due to the 
combined action of HGL and serum is apparent, since red cell controls 
settle nor~ally in serum alone. 
When fresh. gl;linea: pig or rabbit sera were heated at 56 0 for from 5 t:o 
;o· minutes; n~ evidence of zonal behavior could be detected, but there was 
frequently an attendant alteration in the overall inhibition· titer • . Gene.rallyr., 
with 1 and 2 units of' HGL, little or no difference o:ould be detected between 
ti t,t,rs of heated and unheated material,, and where variations did occur., they 
ware for the most part irregular, suggesting no more than a twofold change 
on heating~• Guinea:· pig serum, . in this respect, . more often than not. showed a 
drop in inhibition (4 out of 6 trials),, whereas rabbit serum. showed a slight. 
rise (;out of. 6 ' trials*). On the other hand, the use of larger amounts of 
HGL constantly revealed noticeable increases in the titer of both serum 
types ~ equivalent to 1, . 2 or even ; tubes • . It should be emphasized that only· 
with free~ serwa could t?ese phenomena be demonatratede Storage at 4 O~ for 
a little as j d~s · frequently served to obscure these che.nges • . Additional 
comment ' on the-s·e findings will be reserved~ for laterti .. 
* Of the remaining:? . serums in. this · group, 2 6howed' no change on heating: 
and 1 decreased. 
The effect of the administration .of cortisone on the serum inhibitor 
concentration. 
The good oorrelation· seen between serum inhibitor titer and total 
cholesterol content has suggested that cholesterol may in some way be involv-
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ed in these reactions. Consequently; in order to test the possible inhibition 
by serum cholesterol under slightly different conditions~ it .was decided. 
to administer cortisone to normal rabbits over a 4 week period so as to 
induce a lipemia. Adlersberg and his colleague& (~) have shown that cholesterol, 
cholesterml esters and phospholipids participate in the resulting increase 
in total lipids in human plasma, and Rich et !l• ('6) have confirmed these 
findings i n rabbits • . Serum was obtained from test animals at periodic 
intervale preceding and during treatment and stored at - 20 0 until ready 
for final titration.* This was carried out in the usual manner· allowing a 
40 minute incubation of serum and HGL before adding red ce lla. Figure 6 
gr aphically illustrates the dose schedule and increase in serum inhibition 
accompanying cortisone treatment. 
The · sera obtained from the 4th and 5th week of treatment were decidedly 
milky, but showed no de crease in inhibition after clarification by high speed 
centrifugation ( 12,.000 rpm for ;iO minutes) • . Unfortunately, serum we.s not 
available for cholester ol level determinations and therefore it was not 
possible to perf orm detailed inhibition titer-cholesterol comparis ons • . 
Never-t.helessJ it is possible to suggest that a lipid of the type mentioned 
is actively involved in HGL inhibitio~ 
Figure 5o shows the development of a z one phenomenon with serum taken 
from the 4th week of treatment.** It should be compared with the curve of 
inhibit ion· f or normal rabbit serum given in Figure 5b • . The apparently 
* Appr.eciation is extended Mr. Benjamin H. Sweet of thi s department for· 
conceiving end carryi ng out the initial procedures suggested by this 
experiment • . 
** This was demonstrated with one re l at ively fresh ser ttru, bQt could not 
be repeated with T additional ser a of the same original age when test ed 
several months later • . 
speculative assumption at this point1 . in Figure 5, th~:~.t cholesterol is 
involved in low titer, and cholesterol esters in the high titer, inhibition, 
is based primarily on the relative concentrations of thes:e two materials. 
It will be pointed out later· in greater detail how several other findings 
also conform to this concept• 
The effect of proteolytic enzymes on the inhibitor in serum 
To aid in .establishing the nature of the inhibitor in serum, the effect 
of proteolytic enzymes was examined •. Hirst (19) has shown that one of the 
influenza virus inhibitors o.f normal rabbit serum ie stable at high tempera-
tures and rapidly destroyed by trypsin • . Although it was considered unlikely 
that this "mucoid11 ( 2) inhibitor was also the inhibitor for pertussis, the 
possibility was still considered that either this or an analogous substance 
might be involved •. Numeroue animal sera were therefore subjected to tryptic 
digestion • .. Changes in the titer of both the pertussis hemagglutinin inhibitor 
and the Influenza !:. (PR8) inhibitor were followed •. 
The data in Table II indicate that there 1e li tt.le visible relationship 
between the influenza and pertussis inh5.bitora • . J.nimal sera show essentially 
the same titers before and af'ter digestiorr. whenexamined for pertussis 
hemagglutinin· i!l..hibi tion, whereas they sho;"¥ varying degrees of reduction 
when tested with influenza virus. It should be noted, however1 that there 
is some loss of pertussis inhibition in fully half the samples of guinea 
pig and rabbit sera. Whether this means that a small amount of digestable 
inhibitor is present in serum, or merely that there ie destruction of some 
substance needed as an inhibitor stabilizing agent.1 cannot definitely be 
stated at this t imee . In t.his respect, it \orould be well to call attent.ion to 
the similar slight lose of i!l..hibition seen. in these two sera when heated at 
56 0 for )0 minutes, as mentioned earlier in relation t.o the zone phenom• 
enon • . 
It is surprising that not only was there no decrease in pertussis 
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inhibition by human sera following tryptic digestion, but there was actually 
a definite rise • . At first it was assumed that there was a residual amount 
of unneutralized enzyme destroying the HGL and thereby extending the end-
point, but since a similar i.ncrease could be noted if boiled serum was 
substituted for the digested material, and since the dilutions employed in 
these trials were extreme, this idea was discarded as untenable • . 
The effect of boiling on the serum inhibitor tite~ 
Another approach to the problem of characterizing the inhibitor, in view 
of its relative stability to the effects of a strong protease, was to subject 
it to high temperatures for a brief interval of time. A total of 15 human. 
sera and 5 samples each of animal sera were heated for ,0 minutes at 100 C, . 
the precipitated proteins removed and the supernatant fluids tested for 
inhibitory activity • . Table III summarizes the results of several such trials, 
comparing the titers of unheated sera and sera boiled in diluted and undiluted 
form • . 
It waa observed that .when undiluted human sera were boiled, the- inhibi-
tion .titers were reduced to between 64 and 128, with the exception only of 
the hyperimmune sample. When the same sera were boiled in 1:'2 dilution, 
however, no decrease in potency was noted among any of the samples • . This 
suggests that loss .of inhibition on boiling may have been due to adsorption 
of active material on the coagulated protein. , Similar observations were 
recorded with animal sera, although_generally some reduction in titer 
accompanied such treatment even in high dilution • . 
The effect of incubation on the eer~ inhibitor titer 
In considering the relation of the serum inhibitor to HGL, it was felt 
that some knowledge of the rate of reactionwould be of value_. . Keogh and 
North (22) in their protocol for the titration of antibody, call for the 
addition of red cells either i~~ediately before or just after the addition . 
of HGL to the serum dilutions •. Mattman (28) has observe'<! that maximum 
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serum inhibition is not obtained until HGL and serum are allowed to incubate 
for 15 to f:tJ minutes • . In ~!iew oi' these conflicting statements, it was desirable 
to investigate more completely the ldnetics of the reaction. 
Samples of serum from normal horeeeJ guinea pigs, adult humansJ . normal 
and immune rabbits and one hyperimmune human donor were allowed to incubate 
with HGL for varying time intervals preceding the addition of red cells •. 
Maximum in...hi bition . ti tere were obtained in all cases within'. 4o to &:J minutes •. 
Curves typical of' those found for mammalian sera are reproduced in Figure 7. 
When boiled aliquots of concentrated sera were substituted in these tests, 
40 to 60 minutes -were again required for complete combination •. 
Although there were frequent differences in the rate at which freeh 
and inactivated sera bound the HGL, no clear cut pattern could be demonstrated 
whi.ch: might reflect something other than a single serum inhibitor. competing 
with erythrocytes for the HGL. Still, even though positiva evidence was 
lacking, there is the suggestion, however slight, that .the variations observed 
may have been due to two inhibitors acting independently • . This is indicated 
in Figure 7 by the dissimilarity of the two lower curves. 
INHIBITION OF HEMAGGLMINATION BY PLASMA PROTEIN FRACTIONS 
Up to this point it has not proved possible to distinguish between, 
nonspecific inhibition and that due to the presence of antihemagglutinin., 
HoweverJ . the marked the1~ostability of the pertussis inhibitor should make 
its identification in any material a simple matter and facilitate differentiation 
from antibody.- The following experimentsJ which are p~tly a repetition of · 
Hirst's work (20) with the mucoid inhibitor of influenza virus, represent an 
attempt to identify inhibitor and antibody in plasma protein fractions• . 
The inhibitor in human plasma fractions 
The distribution of neutralizing substance in human plasma fractions 
was determined using a 1 per cent saline eolution·of the dried material. 
Aliquots of these specimens were boiled for ;o minutes and titrated along 
with the unboiled samples to ensure a uniformity of unitage. Results. o~ these-
trials comparing _ boiled and untreated aliquots are presented in Table IV •· 
Preliminary inspection of the data reveals first that the maximum titers 
are obtained. fcllowing incubationof RGL and inhibitor for 4o minutes.The 
greatest activity was found evenly divided among four fractionss : I, III,, 
III-2 and IV~le. By comparison the remaining fractions showed only traces, 
with the unique e~ception of the IV-4 fractions and subfractions. Secondly, 
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if_ one compares the 4o minute inhibition titers for each fraction, _it becomes 
apparent that most of them, . with the e~ception again of the IV-4 fractions, . 
show a reduction in titer -after boiling~ This is most prono~ed in fractions 
III and III-2 and would tend to suggest that they have a high content of 
thermolabile neutralizing substancee. This is not inconsistent . with the obeer-
v.ations of Rink and Johnson (18) who have demonstrated the presence of 
pertussis agglutinins and mouse protective antibodies in fractions II and IIIe. 
However, when fractions III and III-2 were boiled in lower concentration,_ no 
corresponding loss of potency could be detected (Table V). Once again this 
indicates that when heat coagulable proteins are present., there is an 
attendant loss of titer an boiling • . Thus,, plasma fractions that contained 
little coagulable material showed negligible loss, as e'VJidenced by fraction-
IV-1 where only a slight milkiness developede 
It is not possible to state with any degree of certainty- in what fraction 
pertussis antiheme.gglutinin is found, although one might suppose that it should 
be in either ·fraction I! (gamma globulins) or fraction III (gruama and beta 
globulins). The relatively high activity of fraction ILfor the almost 
complete absence of cholesterol suggests this as the probable site. Never-
theless, the cholesterol content of the fraction cannot. be overlooked, since 
there is some retention of activity after boiling (Table IV) • . In any ca~;~e,, 
the data are not detailed enough for any more than this brief look, the low 
activity of fract ion II making any further manipulations difficulte 
The unusual increase i n inhibition in fractions IV~4, IV-6 and IV-7 
after · boiling was noticed by Hirst with influenza virus and was attributed t o 
combination of the active substance with proteins in . such a way as to mask 
its presence. Heating served to dissociate the complex ~ith a liberation of 
irL~ibitor and a resulting increase in titer • . For pertussis, it was observed 
that this increase corresponded sharply· to the coagulation of the plasma 
proteins between 65 and 75 o, . 
}.n attempt . was made to correlate -the maximum inhibition tit.er for each 
fraction with its total cholesterol level, but this was immediately abandoned 
for le.ok of data on the actual level of cholesterol:. in the working solution• 
Since there were marked differences in solubility among the fractions, the 
values given for the dry material could not be used fo r this purpose• . 
Finally, it may be noted that. s everal fr -9.ct ions showed consis tent 
differences in the rates of HGL combination; for example,; fraction I bound 
HGL at a far slower rate than either . IV-1 or IV-4. The underlying mechanism 
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is not fully understood, but may be related to the nature of the two inhibitors 
postulated earliere.. 
The inhibitor in animal plasma fractions 
A large number of animal pla.sma fractions were tested for inhibitory 
capacity• The results are summarized in Table VI. Although a complet e range 
of fractions was not available for each aniw~l, the data obtained suggest that 
animal serum inhi hi tion • is due primarily to fractions. I and III, since maximum 
itlhi bi tion was generally reflected in these ti ters• Fraction IV-l1. which 
exhibited such an unusual increase in neutralizing capa city:- in human plasma,, 
showed onl~t ·a s light evidence of these qua.li ties with the two samples testede-
If it is inferred that this fraction represents the inactive or bound inhibitor 
in serum, then an explanat ion is provided for the observed failure of' animal 
sera to show increased inhibition following tryptic digestion or boiling in' 
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low dilutione.With the exception of fraction IV-4, therefore~ animal £ractions 
show essentially the same distribution of inhibitor e.a human material • . However,,. 
Ovine £raction II (gamma globulins) did not obey this general £inding and 
contained what. appears to be a surprisingly large amount of thermolabile 
neutralizing subetance • . Further work on the signi£ioance of this finding is 
indicated • . 
The high titers seen in equine fractions were unexpected in view of the~ 
relatively · low inhibition and cholesterol levels demonstrated for serum~ No 
information was obtained on. the cholesterol level of the working solutions,, 
which might ot,herwise have thrown some light on the reaction.. 
EXTRACTION OF !1\THIBITOR FROM SERUM AND PLASMA FRACTIONS 
The possibility that the inhibitors observed . in plasma fractions and 
serum. might be dietii1gui ahed . by a simpler method the.n denaturation:. of their 
protein components was considered •. Sabin and Buescher.: (;8) have noted in. this 
regard that . the virus hemagglutinin of' Japanese encephalitis. is strongly 
inhibited. by a thermostabile substance in .eerum. which is resistant to proteolysis 
and which · can readily ' be removed by chloroform. extraction•. T!;te antibody waa, 
seemingly undiminishe·d. by this procedure • . The apparent similarity· between 
this and the pertussis inhibitor prompted the uee of an organic solvent for 
the removal of the latter~. 
The effect of chlorofo~ extraction 
Serum and fluid plasma fractions were treated in the following manner: 
2m1 · samples were shaken gently with 20 ml . of chloroform for. 2 to ;i minutes 
and the mixtures centrifuged at ;200rpm: f or approximately one houre . The · 
upper ·layers, containing eith·er serum or plasma fraction, were pipetted off· 
ann an aliquot' set aside for titration • . The remainder of this layer· was then 
re-extracted an~ with the first solution1tested for HGL inhibition• Reeulte 
of these procedures are recorded i11 Table VII .. 
Fr.om this table it can be seen that simple shaking with chloroform 
removes more than 94 per cent of the inhibitory substance from serum, but 
anywhere from 0 to 98 per cent .. from human plasma fractions • . The extreme 
variability which is so clearly shown. by the fractions., strongly indicates 
that chloroform . m~ be unsuitable _as an inhibitor solvent for serum,, although 
to . be sure, the essential causes underlying :this behavior remain obscure •. 
No attempt was made to check the effect of extraction on fraction II,., 
in view of the considerable quantities . of inhibitor found to remain in the 
other sites •. With the possibility that this fraction~ might . aleo contain 
the resistant material. found in the IV fractions., little was: to be gained 
by any ·further attempts at differentiation of specific and nonspecific 
neutralizing substance by the use of chlorofor~. 
The consistent ease with which human fraction I loses. its inhibitor by· 
extraction di ffers sharply from the remaining fractions •. Fractions IV-1, 
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IV-4 and IV-7 show a marked tendency to retain their inhibitor, whereas 
fractions III and III-2 show a position intermediate to the other groups in 
this respect • . This finding provides still another difference that distinguish-
es the inhibitors in these fractions • . 
The effect of ether -extraction 
In an attempt to remove the nonspecific neutralizing substance more 
completely, extractions· were carried out with ether in the manner just 
described for chloroform •. In this experiment the extracted materials were 
recovered by boiling off the solvent, resuspended in saline and test;ed for 
activity, as noted elsewhere for cholesterol. Table VIII summarizes the resutts 
of these trials • . 
This table shows that human fraction activity 1 with but one exception, , 
was reduced to; per cent or lee~. Nevertheless, , despite this good reduction, 
it was not possible to recover more than half of the original activity, 
except in fractions II and IV-1, where the final yields consistently exceeded 
the initial content. Actually, it was felt that recovery of half of the 
fraction activity was the beet figure that could be expected in view of the 
accvxacy of the method o£ testing. Furthermore, the degrea of redieperaion 
of the material in saline was uncertain, and it was not. known what effect 
the . loss of stabilizing agents would have on the serum lipid activity.~ 
Consequently, it was not unexpected tha.t ,the yields would be in the region 
of 25 to 50 per cent. The failure to recover 100 per cent activity may hava 
been due also to some alteration in the state of the inhibitor. 
The unexpected increases in inhibition by fractiot'..s II and IV..;.l may 
have been due to the release of protein masked material, . euch as that found 
in fractions IV ... 4 end IV-7 • . However, if this is true, it is difficult to 
understand why these fractions did not show en increase in titer on boiling 
in earlier experiments, unless: these increases were adsorbed on the coagulated 
proteins. The failure of fraction II (gamma globulins) to suffer any reductio~ 
in tit,er following ether extraction is. another in.ter~sting finding, which 
suggests that the neutralizing substance in this fraction is insensitive to 
ether and th.ereforey perhaps antihemagglutinin. However, . it is not possible 
to state ·on the basis of this limited information that the antibody globulin 
is unaltered, and if' eo, that it is not contaminated with small amounts of 
normal neutralizing substance. Also, there . is no way of knowing at this time 
what the actual level o£ antihemagglutinin would be for pooled plasma 
fractions • . 
THE ACTIVITY OF CHOLESTEROL AS AN Il\THIBITOR OF HEMAGGLUTINATION 
The resistance to heat and to the effects of a strong protease, which 
have so fer· characterized the inhibitor, as well as its solubility in certain 
organic . solvents, has - suggested' that it is either a lipid or phospholipid • . 
• Stcllerman et al . (42) have shown that shaking of serum with diethyl 
ether produces an alteration in the activity of a phospholipid Strepto~ 
lysin S inhibitor as a result of serum denaturation• 
In view of the strong HGL combining qualities of cholesterol and its deriv-
e.tii.rea, as reported . by Fisher ( 11)., an:! because of the correlation between 
serum inhibition and total cholesterol content, it was felt that such a 
substance might well play a major role. in the inhibition of hemagglutination 
by serum. The activity of cholesterol as an inhibitor was therefore t ested •. 
Cholesterol (Merck) was . dissolved in a small quantity of ether (VSP) 
and ad ded to a measured volume of 0.85 per cent .NaOl at approximately 85 o •. 
The resultant suspension was cooled, centrifuged at ;200 rpm for 15 minutes 
and used in the procedure described below.• Residual material from the 
centrifuging was dried and weighed to determine the actual concentration of. 
cholesterol in suspension. 
Incubation experiments were carried out with cholesterol in the same 
manner previously described for eerum • . Figure 8 represents the curves of 
i nhibition given by a 0.5 mg/ml suspension- of cholesterol for each o:r. 5 
different periods of HGL-oholesterol interaction. These curves have been 
plotted on the same graph to illustrate the relative amounts of HGL bound 
for any given time. It is seen that the process of HGL and cholester ol inter-
action, ie not a rapid one and that .up to 60 minutes is required for maxim~ 
combination • . With the passage of time, progressively larger amounts of HGL 
are inactivated so that there is an increase in both cholesterol inhibition 
titer and per cent inhibition for any given dilution. The area under each of 
the curves serves as an adequate index of this activity • . This is essentially 
the picture seen with the animal serum inhibitors where 40 to 60 minutes wer& 
required for the demonstration of full activity. 
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111 The cholesterol (Merck) fi!'st used in these trials was of an old grade -and 
produced excellant. dispersions. Attempts ·to obtain similar dispersions. 
with newer preparation (Pfanstiehl, O.P.) were unsuccessful using the 
procedures outlined above. The f:.ollowing method was subsequently f'ound 
to be more su5.table for this material. Propylene glycol at 100 0 was 
used as the cholesterol solvent (50 mg cholesterol / 5 ml propylene glycol) 
and added to ho·t saline in the proportion of 1 part propylene glycol 
mixture to 5 parts saline. The suspension was cooled and centrifuged 
briefly to clear the coarser particles and then used in titrations. The 
erythrocytes were not affected in any way by this material. 
Attention is called to the zonal type of inhibition revealed by t he 
cholesterol suspension. Since there is no HGL inhibition i n the high concen-
trations, the inhibition that is seen theoretically reproduces the curves 
obtained for guinea pig aDd rabbit sera i n Figures 4b a.nd. 4c. Thus, some 
validity is given to the concept that cholesterol is the inhibitor in at 
least these t-..ro represent~tive cases. 
Controls using cholesterol and red cells failed to settle normally in 
the high cholesterol concentrations. The patterns were granular and ranged 
from complete to partial agglutination, resembling the pictures in Plate II. 
In this respect, Stone (42a) has pointed out that cholesterol is capable of 
hemagglutinating by itself, although she does not clearly indicate what 
form these patterns ~ take. This finding suggests, then, that the inability 
of some sera to inhibit in high concentrations ~ be a function of the 
hemagglutinating activity of cholesterol and therefore, of the cholesterol 
concentration. It is likely that in this region, the combined activities of 
pertussis and cholesterol hemagglutinin are sufficient to offset the inhibitor,r 
qualities of the latter. Obviously, cholesterol alone does not hemagglutinate 
when mixed with other serum components in normal serum. 
,. 
DISCUSSION 
The evidence is convincing that cholesterol is an inhibitor of per-
tussis HGL in serum, e.lthough, to be sure, it is best to avoid a categor-
ical identification of it in this role. Furthermore, there can be little 
doubt that the inhibitor is not a single subst~nce, but rather a mixture 
of at least t'l!ro, as suggested by the follo\>ring observations: 1. the oc-
currence of a zone phenomenon; 2. the depression in zone inhibition fol-
lo\ldr.~.g increases in HGL uni tage; .3. the differences in chloroform solu-
bility of inhibitors among human plasma fractions; and 4. the differences 
in rate of HGL combination with inhibitors present in these same fractions. 
All of these points contribute to an understanding of the nature of HGL in-
hibition and in this respect, they \'Jill be teken up and considered indi-
vidually as they relate to that problem. 
The close similarity between the inhibition curves for cholesterol, 
fresh rabbit serum and the one guinea pig serum illustrated, has already 
been noted. By reason of this similarity it is possible to suggest that 
cholesterol is directly involved in the inhibition shown by these sera. 
Ho\·Tever, the development of the zonal type of inhibition by fresh guinea 
pig serum obviously does not lend itself to any simple explanation based 
on cholesterol acti.vity alone, and it must therefore be assumed that this 
serum type responds either to some other mechanism, or to a modification 
of the first. The following discussion will show how cholesterol may be 
the basis for the observed phenomenon. 
It was shown earlier that where the concentration of cholesterol 
'I!JaS sufficiently high, inhibition of hemagglutination did not necessarily 
follo\>r. Thus it was possible to have inhibition in lo,., concentrations, 
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but not in high.* By varying the concentration of cholesterol it is then 
theoretically feasible to shift the area of inhibition in either direction, 
i.e. to'l-rard the higher or lovrer concentrations, the end effect being to 
increase or reduce the extent of the inner area of non inhibition. By 
these manipulations ,.,e are able to reproduce both the inner and outer 
zones of serum inhibition using this knovrn component of serum in a relative-
ly pure form. Assuming that cholesterol is ab:Lc to inhibit in this fashion, 
it is perhaps justified to postulate a similar activity for the esteri-
fied forms of the compound. 
With these details in mind we can now consider how two inhibitors 
may coexist in the same serum, manifesting on one occasion the inhibition 
characteristic of rabbit serum, and on another occasion the zonal phen-
omenon characteristic of guinea pig serum. Since the total cholesterol 
level of a serum is reflected by its HGL titer, the zone phenomenon, 
as '\'rell as serum inhibition in general, can be examined. in terms of 
some hypothetical variation within this level. If one considers, for 
example, the relative concentrations of free and esterified cholesterol, 
then a rather $imple mechanism presents itself. Thus, Figures 5a, 5b and 
5c are inhibition curves obta ined for guinea pig and rabbit sera. Next to 
each figure has been noted the normal relative values of free and combined 
cholesterol as given in the literature for each animal. It may be seen 
that in Figure 5b, where these values are roughly equal, there is only one 
zone. It '·has been assumed that the curve of inhibition is the result of 
the swmoation of their activities. In Figure 5c, where the free choles-
terol value is 1/3 of the ·!Jotal, a small gap has appeared beh•een the over-
lajJping zones of inhibition. This is presumably due to the shift of one 
* Although the visible picture was that of no inhibition, HGL may have 
been inactivated, but masked in the process by the hemagglutinating 
action of the cholesterol. 
of the zones in~~rd to~~rd the higher concentrations of serum. ~lliere cor-
tisone has been administered. as in Figure 5c, this picture has been ac-
cent·~tcd so that the outer zone. now representing more than 2/3 of the 
total value. stands by itself "VTi th no evidence of overlap. On the basis 
of these comparisons, it would appear that free and combined cholesterol 
exert their inhibitory effects independently and that this effect is dir-
ectly proportional to their concentration in serum. The fact that free 
cholesterol generally represents less than half of the total cholesterol 
value of serum suggests that it is the inhibitor in the lo\'1 serum dilutions. 
Conversely, cholesterol esters may be presumed to be active in the highef 
dilutions. 
Although the appearance of two well defined zones of inhibition 
varies with the concentration of free and combined cholesterol, the actual 
manner by \orhich one zone can superimpose its activity on another still re-
mains some"Vrhat obscure. :By assuming that the depressed areas preceding 
each z one (Figure Sa) are due to the hemagglutinating activity of choles-
terol and cholesterol esters respectively, there is created a confusion 
of ideas which it is desirable to avoid. One can explain the first de-
pression ( at 1:4 concentration) on this basis, but not the second (at 1:64 
concentration). -This is because we are force~. to accept the conclusion 
that the entire inner zone is inhibiting hemagglutination in an area "rhich, 
according to the above concept, should sho\or only positive hemagglutination 
( 0 per cent inhibition) as induced by the outer zone. One might l1ave sup-
p osed t:b..at the effects of the two zones would be additive and therefore, 
serve only to decrease the inhibition. Obviously it is difficult to under-
stand \·rhy this does not occur, unless there is interference of one zone 
by the other. 
A more plausible explanation for this activity is t hat the outer 
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zone inhibitor exhibits a prozone of no inhibitmon.* Conse~uently a dif-
ferent colloidal inhibitor added to this region would react independent of 
the other. It may very well have been that the area of no inhibition seen 
in the high concentrations of choles terol was due in part to this prozone 
effect. 
The zonal types of inhibition for fresh unheated sera are adeq_uately 
explained by the relative concentrations of free ani combined cholesterol. 
Ho\'rever, \'rhen guinea pig serum is aged or heat inactivated, the dip be-
t\V"een the zones disappears and only one smooth curve of inhibition is ap-
parent. It is not easy to explain this observation since loss of the de-
pression is not usually accompanied by a clear-cut shift in serum in-
hibition such as \vould occur if combined cholesterol were reduced in con-
centration to any extent. (If free cholesterol were lost duri ng this pro-
cess the eff ect would be to increase t he size of t he gap rather than de-
crease it.) Nevertheless, it may be that the very slight decreases in 
titer which are seen in about 2/3 of the trials do represent a mechanism 
vrhich accounts for t he disappearance of the dip. The method by l<rhich t his 
could be accomplished is explained by considering the following points. 
vllien the inhibition titer of heated guinea pi g serum is determined 
w·i th 8 or 16 units of HGL, the inhibition titer is found to be s i gni:fi-
cantly grea ter than when unheated serum is used. This means that by sup-
pressing the outer zone inhibitor "lrli th large amotmt s of HGL (Figure 4a), 
heating reveals an increa se in inhibition titer corresponr.l ing to the inner 
zone. At first glance one might assume that this is due to the ·release 
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of additional HGL inhibitor into the medium '"hich is sufficient to elim-
inate t he dip betvteen the inhibitors, but not potent enough to extend the 
overall endpoint. With our present knoirlledge of the ;fraction IV-4 inhibitors 
* This is based on the mutual precipitation :phenomenon of colloids. 
in mammalian plasma., the evidence • in favor of this concept would appear 
to be good. Ho\vever, this explanation has certain faults. It does not 
explain the observed decreases in outer zone icl1ibition titer when fewer 
units of HGL are used. And furthermore, it is contradicted by the fact that 
release of bound inhibitor was shown not to occur below the coagulation point 
of the serum proteins. A more plausible explanation may be that the recorded 
observations were due not to the release of previously inactive inhibitor, 
but to the release of free cholesterol resulting from the hydrolysis of 
esterified ma.terial. ,This would explain the occasional decreases in outer 
zone inhibition titer with small amounts of HGL and the marked increase in 
inner zone titer when using larger amounts • . The disproportionate increase in-_ 
inner zone titer under these conditions is explained by noting that there are 
actual differences in the activity of each inhibitor type • . This was pointed 
out earlier when it was shown that a fixed quantity of HGL could combine with 
twice as much outer zone as inner zone inhibitor. These findings are sup-
ported by Fisher's study of several HGL inhibiting sterols (11), in which 
cholesterol was listed as a. very active inhibitory substance, while chol-
esterol oleate and palmitate were noticeably less so • . Consequently, it would 
be expected that the hydrolysis of only a small amount of outer zone inhibi-
tor would result in a pronounced increase in the inner zone. 
Similar inspection of curves for rabbit serum inhibition provides 
further support for this concept • . In trials where heating at 560 for ;50 
minutes served to increase the inhibition titer, it may be assumed that the · 
concentrations of free and combined cholesterol were approximately equal 
(Figure 5b), this generally being the condition in rabbits •. As before, . 
heating could reduce the combined cholesterol content while increasing the 
free, thereby increasing the overall inhibition. Three of the 6 sera behaved 
in this manner. In- the remaining cases where there was either no change 
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or a decreased titer, the free · cholesterol level may be · presumed to have 
been less than the combined (Figures 5a and 5c) 1 ao that reduction in the·, 
ester level produced either sufficient or insufficient cholesterol to 
reestablish the original titer. 
The hydro]ytic mechanis~ just described might also apply to the 
frequent reductions in animal serum inhibition following the boiling of 
dilut~ solutions, providing of course that the reduction~ is not due to the 
adsorption of inhibitor by coagulated proteins. 
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The inhibitor in human plasma fraction I has shown unique behavior in 
several respects, setting it apart sharply from the inhibitor in the remain-
ing fractions • . It is removed from solution by chloroform with great ease, , 
only about . ; per cent of the original activity remaining after one extraction; 
this, as . compared to fraction IV~l or IV-4 where the average activity 
after two extractions is still 50 per cent of normal •. Furthermore, fraction 
I inhibitor binds HGL at a relatively slow rate in both boiled and unboiled 
forms, whereas the inhibitor in fractions IV-1 and IV-4 reacts rapidly •. 
Fraction III appears to have an intermediate position with respect to both 
these characteristics, suggesting that its inhibito~ is composed of a mixture 
of the other two. Actually, this information tells us little beyond the fact 
that there are two active substances present in these fractions • . 
In many respects the study of HGL-antibody interaction:hae presented 
a problem similar to that encountered with a large number of viruses • . As 
with these, the difficulty has been in distinguishing nonspecific inhibition· 
from that due to antibody • . That this has been a problem of considerable 
magnitude is recognized when the inhibition titers of pertussis hyperimmune 
mammals are compared with the normal • . In no way do they show significant 
differences • . It is therefore apparent that the serum content of normal 
inhibitor can equal or exceed the anti-HGL level. This being the case, the" 
impressio~is easily gained that the HGL inhibition test is without value, 
in that a:rry · attempt to assess the antibody level of serum can have no 
definite interpretation. Within a very limited eense'· this may be true • . 
However, it is theoretically possible to obtain a fair picture of antibody 
content . by modifying the titration procedures to allow for certain charac-
teristics of the inhibitor • . Thus, , it is possible to eliminate the outer zone 
by using large amounts of HGL; the inner zone can be reduced by keeping the 
serum-RGL incubation time at a minimum before adding red cells; and any 
interference by bound, inactive inhibitor can be avoided by using fresh 
serum. The inhibition titers eo obtained may then represent the actual 
antibody content of the serum, but only insofar ae . residual nonspecific 
inhibitor has not interfered. It is the extent to which the inner zone 
inhibitor is present in serum, and particularly the degree to which its 
activity is reduced by the use of large amounts of HGL, that will determine 
whether or not antibody can be detected • . 
SUMM.ARY 
Pertussis hemagglutinin" inhibition titrations were carried out on 
presumably normal serums of 6 different mammalian and one avian type, allow-
ing serum and hemagglutinin: to incubate for varying time intervals prior to 
the addition of erythrocytes. Maximum inhibition was obtained. in all cases 
within 6o minutes, the inhibitor contents falling in the following orders 
dog, chicken, human, cow, horse,, rabbit and guinea pig • . This order,, with but 
one exception, correlates with the total cholesterol means given for the 
respective sera • . The deviation by human serum _is due to large amounts of 
inactive inhibitor which can be liberated by tryptic digestion or heating 
above 70 0 in dilutions of 11 ;2 • . This treatment restores the material to 
its proper place at the head of the series• 
Observations with a limited number of plasma protein fractions indicate 
that serum inhibition is reflected in fractions I and III, with fraction 
IV-1 showing additional strong activity in human serum. Human fractions 
IV-4 and IV-7 show little inhibitory activity until heated above 70 0 for 
;cr minutes, whereupon a 16 to ;2 fold increase in titer results. Available 
evidence indicates that specific antihemagglutinin may be present in fraction 
II. 
Evidence for the existence of two hemagglutinin inhibitors is discussed 
in detail and reasons given for believing that they are closely related~ if 
not identical to cholesterol and cholesterol esters. 
Despite the presence of nonspecifi~ inhibitor in antibody containing 
serum, it is possible to reduce its activity to a level consistent with the 
detection of immune substance. It ia suggested that the following conditions 
be met in applying this tests 1. no initial incubation of hemagglutinin 
and serum; 2. the use of 8 or more minimal hemagglutinating units; and ;. 
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the use of fre sh u nheat e d ae:rv11n. 
Several observations . of interest have been presented concerning the . 
insxability of the pertussis hemagglutinin. 
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FIGUBE 7 
THE EFFECT OF INCREASUTG INCUBATION OF HGL AND SERUM mT THE SERUM INHIBITI ON 
TITER 
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FIGUBE 8 
THE EFFECT OF IUCRE.AS ING INCu.BAT ION OF JIGL AND CHOLES TEROL 
ON THE CHOLESTEROL INHIBITIO:~ TITER 
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Th e cho1es terol suspension c onta:Lned approx iim te1y 
0.5 mg cho1estero1/m1. 
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TABLE I 
INHIBITION OF PERTUSSIS HEMAGGLUTINATION BY SERUM OF NORM.AL ANiivl ALS 
NO . OF TOTAL CHOLESTEROL* 
ANIMAL SERA RANGE MEAN TITER RANGE MEAN VALUE 
Human 24 204cl-262, 154 16,:?84 150-2!50 mg/100 m1 200 mg 
serum_ 
Dog ; 16,.;84-65,,5;6 ;2, 768 68-29!5 mg/ 100 ml 14; mg 
serum 
'fur key 2 ;2, 7615-65,o;6 ;2,768 88-161 mg/100 m1 121 mg 
serum 
Cow 1 ;2, 768 78-14:~ mg/100 ml 110 mg 
plasma 
Horse 6 12&.16,;84 4096 62 ... 1;0 mg/100 ml 87 mg 
serum 
Rabbit- 17 64-8192 4096 25-110 mg/100 ml 66 mg 
ser um 
Guinea 18 512-4096 2048 28-iS{ mg/100 ml 59 mg 
Pig plasma 
* Figures f'or total cholesterol are averages f'rom the literature. 
The human f'igures are f'rom Kleiner, Textbook of' Biochemistry ( 23) • · 
Mitchell, Textbook of' Biochemistry (30) gives a human mean value 
of'- 152 :t 24. These last values are probably more consistent with 
the observed inhibition meanse . 
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TABLE II 
THE EFFECT OF TRYPTIC DIGESTION ON THE HGL NEUTRALI:n NG SUBSTAL~CE I N MAMMALIAN 
SERA USING INFLUENZA A (PRB) VIRUS AS AN I NDICATOR OF VIRUS I NHIBITORY 
ACTIVITY 
H • . PERTUSSIS HGL IN~LUENZA A (PR8) VIRUS 
original titer.- af'ter original titer after· 
SERUM TYPE titer tryptic digestion titer trypti~ digestion 
Human 
Hyper immune 16;~84 6!5,5~6 1024. 128 
Normal VNB 65,!,5~6 6515~6 256 256 
SBF 52,768 1~1,072 1024 256 
Rabbit 
Immune 4o96 2048 2!56 <8 
8192 8192 2!56 c8 
Normal 2048 2048 128 8 
2048 1024 154 < 8 
Guinea Pig · 
Normal 4o96 2048 512 128 
1024 1024 256 64 
Control 
trypsin f. inhibitor 4 ( 4 
Equal volumes of 0.025 per cent trypsin and te:3t sera were incubated 
for ~ hours at ~7 c • . Crystalline soybean inhib:ltor ·in excess of the 
pure trypsin cpncentration \Vas then added and ·t.he mixture placed at" 
4 C for ~0 minutes before titrating • . 
TABLE III 
THE EFFECT OF DILUTION PRIOR TO BOILING ON THE INHIBITION TITER OF MAMMALIAN 
SERA 
SERUM TYPE UNTREATED BOILED FOR ;D MINUTES 
concentrated. diluted 1 s 32 
Human 
Hyper immune )2,768 1024 65,5)6 
Normal # 13 )2, 768 128 65,5)6 
21 16~,;84 64 )2,.768 
OHT )2, 768 128 65,5)6 
Dog 65,o36 8192 
Turkey 65,5)6 65,5)6* 
Horse 8192 1024 
. 128 128 
Guinea pig 4096 512 1024 
• Boiled in 1:64 dilution. 
TABLE ·IV 
INHIBITION OF HEMAGGLUTINATION BY HUMAN PLASMA PROTEIN FRAG'riONS 
UNTREATED BOILED FOR ;;o MINUTES 
PLASMA % TOTAL 
FRACTION • Incubation time IncubatJ.on time CHOLESTEROL 
none 4o• none 4o 1 
I 128 2048 52 512 0.26 
n :; 8 64 0 8 <o.o6 
III 256 . 2048 8 16 ;5.5 
III-l. 8 16 0 4 ;.7 
III-2 128 4096 .. 8 16 ;.o 
IV-1 512 2048 51.2 1024 7.0 
IV-4 4 16 128 512 1.7 
IV-6 0 tr 4 4 
IV-7 4 8 ;52 512 
IV-8 tr tr tr 0 
IV-9 4 8 16. 
v 0 0 0 0 <.. o •. o4 
VI 52 16 16 16 
• Fraction. I was mainly fibrinogenJ II. gemma globulin; III. gamma and 
beta globulins; III-1. alpha2, gmnma and beta globulins; III-2. alpha2 
and beta globulins; IV-1. lipid~containing alpha and beta globulins; 
IV-4. non-lipid~containing alpha and beta globulins- and albumin; IV-6. 
alpha globulins; IV-7. beta1 globulin; IV-8. albumin; and V • . serum 
albumfn. (6, , 20 1, 52). HGL and plasma fraction (1%) were incubated to-
gether for the noted times before adding red cells. Zhe inhibition 
titers were read after two hours at room temperatur-e and are recorded 
above • . 
•• Figures for total cholesterol represent per cent of dry fraction (6). 
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TABLE V 
THE EFFEOT OF DILUTION PRIOR TO BOILING ON THE IllliiBITION TITER F HUMAN 
PLASMA PROTEIN FRACTIONS 
PLASMA 
FRACTION 
III 
III-2 
UNTREATED 
2048 
1024 
BOILED F8R 30 MI NUTE 
concentrated dilute 1:16 
16 
16 
20 
10 
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TABLE VI 
INHIBITION OF PERTUSSIS R&~AGGLUTINATION BY ~WIMAL PLASMA PROTEIN FRACTIONS 
SOURCE OF PLASMA FRACTION 
PLASMA 
FRACTION BOVINE PORCINE CANINE OVINE EQUINE MELEAGRINE 
I :?2 :?2 512 4o96 - 2048 
:?2 :?2 256 256 (512)• 1024 (1024)• 
II tr 4 
tr tr 2048 16 
:?2 (:?2)* 16 
III 512 
4 (256)* 2048 
512 (512)• 
III-1 tr 256 4096 256 
tr 16 1024 128 
III-2 8 64 2048 0 
8 8 255 (256)* 8 
III-:? 512 
IV-1 
rv-4 
v 
16 (16)• 
4 :?2 
:?2 64 
tr 8 
16 :?2 
tr tr 8 tr tr 4 
tr tr 
HGL and plasma fraction- (1 per cent) were incubated together -for 
4o minutes before adding red cells. The inhibition titers were 
read after -2 hours- at room temperature and are recorded above. The 
upper line is the titer given by the untreated fraction,; the lower 
line that given after boiling for :?0 minutes. The figures · in 
parentheses are the inhibition titers obtained after -boiling the 
fractions in diluted form. 
• Boiled in 1&8 dilution. 
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TABLE VII 
THE EFFEOT OF CHLOROFORM EXTRACTION ON THE HGL NEU~RALIZING SUBSTM~OE IN 
MAMM:ALIAN SERA AND HUMAN PLASMA FRACTIONS 
UNTREATED AFTER EXTF:AOTION 
SAMPLE TYPE once twice 
Human serum. 
Hyper immune 65,5:;6 1024 1024 
Normal SBF 16,:;84 2048 1024 
OHT :;2, 768 1024 2048 
EEB lo,:;84 128 128 
Rabbit serum 2048 128 128 
Guinea- pig serum 512 :;2 :;2 
Dog serum. 16;:;84 1024 16 
Human plasma fraction·. 
I 512 16 16 
III 256 128 :;2. 
III-2 10'24 256'' 16 
IV.;.;1 512 256 256 
IV-4 128. 128 1'28 
IV-7 128. 128 128 
• Boiled at 100 0 for :;o minutes before extracting. 
Extraction~ were performed by gentle shaking of 2 ml of 
sample with 20 ml of solvent for approx~nately 2 minutes . 
% REDUCTION 
IN TITER 
98 
94 
9'1· 
99 
94 
94 
99 
97f 
5b 
98 
50 
0 
!:'()' 
TABLE VIII 
THE EFFECT .OF ETHER EXTRACTION ON TEE HGL NEUTRALIZING SUBSTANCE IN MAMMALIAN 
SERA AND HUMAN PLASMA FRACTIONS 
AFTER RECOVERY OF o REDUCTION 
SAMPLE TYPE UNTREATED EXTRACTION EXTRACT . RECOVERY 
Human serum 
Hyper immune 16;:?84 64 99 
Dog serum 16,)84 16 99 
Human plasma fraction 
I 512 4 128 99/25 
II :?2 :?2 64 0/200 
III 256 8 )128 97/>50 
III-2 512 4 12.8 99/25 
IV-1 1CY24 16 . 4o96 99/4oO 
Extractions were performed by gentle shaking of 2 ml of 
sample with 20 ml o-f solvent for approxiiO.ately 2 minutes •. 
The extracted materials were resuspended in saline to 
their -original 'Y.'olume after· boiling off 1:,he ethere 
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PLATE I 
NORMAL HEMAGGLUTINATION PATTERNS 
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PLATE II 
CHOLESTEROL HEMAGGLUTINATION PATTERNS 
Hemagglutination patterns produced in the presenc~ of high 
cholesterol concentrations. , 
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